Introduction
The effects of different amounts of potassium fertilizers on the growth and fruit yields of Ananas comosus have often been reported in the literature (3, 16, 26) . Although such field studies have contributed valuable practical information, work on the physiological function of potassium in the metabolism of this plant has been limited.
Methods
The data reported in this paper were obtained from plants grown in nutrient solutions supplied with high or low amounts of potassium, namely 205 or 4 mg. per liter but with equal amounts of either nitrate-or ammonium-nitrogen.
Tops or crowns (vegetative organs produced at the apex of fruits) of uniform size from a single clone were placed in tap water for one month until they had produced about twenty roots of uniform thickness and length. Fourteen plants were then selected and transferred to each of the nutrient solutions described in table I. Each plant was grown in a 4-gallon porcelain crock containing 17 liters of solution which was constantlv aerated and changed regularly at two-week intervals.
The plants were grown in these solutions for approximately one year, then all 14 were harvested, weighed, and sectioned according to previously reported techniques (43). The chemical methods employed for the analysis of the tissues were reported in previous publications (39, 40, 41, 42) .
The statistical significance of the difference of the means of total plant weights between different cultures was calculated by FISHER'S method (6, p. 14) . However, the method of CONRAD (5) together with the Z table of LovE (20) was employed for the calculation of the statistical significance of the differences of the means of the various plant constituents between different cultures.
In the presentation and discussion of results, various synoptic expressions have been introduced to replace longer appellations often repeated. For instance, the culture with 205 mg. of potassium per liter, or high potassium, will be designated by H-K; and that with 4 mg. of potassium per liter, or low potassium, by L-K. Also, the ammonium-nitrogen series will be referred to as A-n and nitrate-niitrogen as N-n. Results GROWTH Plant weights, indicating the growth attained in one year by the different cultures, are reported in table II and figure 1. The weights were greater in the H-K than L-K cultures, being 40 and 73 per cent. higher for the N-n and A-n series, respectively. The stems weighed more in the H-K than L-K cultures, being 94 and 185 per cent. greater for the N-n and A-n series. The  TABLE II   MEAN WEIGHT VALUES, WITH THE STATISTICAL SIGNIFICANCE OF THEIR DIFFERENCES, OF  TOTAL In the N-n series the combined mature (C) and active (D) groups constituted 91 per cent. of the total leaf index and in the A-n series approximately 77 per cent. These comparisons show that differences in leaf length, width, area and weight between groups were greater in the N-n than A-n series.
TABLE I GRAMS OF NUTRIENT SALTS PER 100 LITERS OF SOLUTION AND CONCENTRATION OF ELEMENTS AS MICROGRAMS IN THE CULTURES DESIGNATED AS HIGH-K OR LOW-K AND SUPPLIED WITH EITHER NITRATE-IONS OR AMMONIUM-IONS AS SOURCES OF NITROGEN GRAMS OF SALT PER 100 MICROGRAMS OF ELEMENTS
Pathological symptoms of potassium deficiency were small brown discolorations in the chlorophyllose tissues and severe leaf tip necrosis which appeared in the L-K cultures when in the N-n series and from 0.7 to 3.6 per cent. in the A-n series. They were greater mostly in the chlorophyllose (nos. 3, 4, 5) than in the basal or transitional (nos. 1, 2) sections of the leaves. It is possible that the differences in water content might have resulted from differences in the amounts of total organic solutes (sugars) which were greater in the L-K than H-K cultures. In the stem, the differences, mostly in favor of the L-K cultures, resulted from differences in the starch and protein content which was greater in the H-K than L-K cultures, as will be shown in subsequent publications.
ASH
The ash content, reported in table IV, was higher for the H-K than L-K cultures in both types of nitrogen series. The H-K cultures contained higher ash values in the N-n series than A-n series. Differences in the ash content of the L-K cultures between the N-n and A-n series were small in the leaves but relatively great in the stem. figure 7 , concentrations of ash in the tissues of the same calculated from the data in table V, show that the movement of ash constituents from roots to stem or from stem to leaves was greater in the H-K than L-K cultures. The ratios of stem to leaf ash and of stem to root ash, reported in figure 8 also indicating relative concentrations and suggesting trends of movement of ash, were greater in H-K than L-K cultures.
The low ash content of the leaves in the L-K cultures resulted, doubtless, from the low supplies of potassium in the nutrient solution which, after absorption by the roots, moved to the leaves in amounts proportional to the concentration. The higher ash content in the stem than in the leaves of the L-K cultures resulted from the greater inflow of Ca and Mg in the L-K than H-K cultures, as shown below, which accumulated more in the stem than in the leaves and thus increased the total ash content of the former organ.
ELECTRICAL RESISTANCE
The relative electrical resistance (ohms) of the extracted sap was higher in the L-K than in the H-K cultures of both series, as shown in table IV. This condition resulted to a great extent from the lack of ample quantities of electrolytes and particularly of potassium in the L-K cultures. Comparisons of the values of ohms between the H-K cultures in the two series show that, with few exceptions, they were higher in the A-n series. This difference indicates that NH4+ and possibly the higher H-ion concentrations which formed in the ammonium series had partly inhibited the absorption of certain ions (Ca++ and Mg++ in figures 3 and 4) from these cultures. The values of ohms in the chlorophyllose sections of the leaves were greater in the N-n than A-n series of the L-K cultures, which is explained by the fact that the potassium content of the tissues was greater in the latter than former series. Gradient reversals in the ohm values between the basal (no. 1) and transitional (no. 2) sections of the mature (C), active (D), and young (E) leaves occurred more in the L-K than in the H-K cultures. They were doubtless associated with the concentrations of inflowing electrolytes and particularly potassium. With high concentrations of potassium as in the H-K cultures no gradient reversals developed.
POTASSIUM
The tissues of the H-K cultures contained concentrations of potassium from 2.0 to 6.5 times as great as the L-K cultures, as reported in table V and figure 2. The data in table V, reporting the total amounts of potassium per plant, leaves, stem or roots, show that the H-K cultures contained 7.3 times more K in the N-n series and 5.6 times more in the A-n series than the L-K cultures. The concentration of potassium in the nutrient solutions was 50 times greater in the H-K than L-K cultures. However, the plants of the H-K cultures absorbed only approximately one-half the amount of potassium supplied in the nutrient solutions, whereas the plants of the L-K cultures had absorbed practically all traces of potassium at the end of two weeks when the nutrient solution was renewed. Therefore, the plants of the H-K cultures were supplied with amounts of potassium greatly in excess of the absorption capacity of the roots and possibly of the entire plant because analyses of the solution at the end of two weeks, the renewal interval, showed that less than one-half of the original amounts had been removed by the plants. However, similar analyses in the L-K cultures showed that these plants were supplied with amounts much lower than the capacity of the roots and entire plant because the entire K content of the nutrient solution had been removed by the plants in less than a week.
The difference of the means of the amounts of potassium in the tissues between the H-K and L-K cultures was statistically significant (odds 9999: 1).
Potassium accumulated in the old (B) and mature (C) leaves of the H-K cultures in both series. The difference in the potassium content of the leaves of the H-K cultures between the N-n and A-n series was not as great between the H-K and L-K cultures and statistically less significant (odds 20: 1), indicating that NH4+ had not greatly interfered with the absorption of K+. The stems of the A-n series contained more potassium than those of the N-n series, possibly indicating a slightly lower rate of translocation from stem to leaves in the former series. figure 5 , and with respect to the source of inorganic nitrogen it was greater in the A-n than N-n series. The statistical significance of the difference of the means was high (odds 9999:1 figure 7 , were higher in the leaves of all cultures except in the H-K of the N-n series. Also, the ratio values of stem to root P and stem to leaf P, in figure 8 , show higher phosphorus in the leaves of all cultures except in the H-K of the N-n series.
CALCIUM
The lower phosphorus content of the cultures of the N-n series may be attributed to the antagonistic effects of NO3-ions. The data indicate that phosphorus absorption was increased by high potassium concentrations in the nutrient solution. tures, suggests that iron was attracted to the root surface by electrostatic or comparable physico-chemical forces generated within the cells almost proportional to the metabolic activity of such cells, as indicated by the greater growth of the H-K plants. Iron was more abundant in the roots of the N-n than A-n series and conversely the leaves of the A-n series contained more iron than leaves of the N-n series. The differences between the iron content of leaves and roots in both series had possibly resulted from differences in iron solubility on the root surface on account of different pH values either on the root surface proper or in the nutrient solution. The higher pH values in the N-n than A-n series caused a greater deposition of insoluble iron on the roots of the former series which, consequently, lowered the degree of availability and absorption of this element and the rate of its translocation The reports in the physiological literature on the water content or succulence of tissues from plants supplied with different amounts of potassium are not consistent. GREGORY (9) , quoting SHIH (38) , states that the water content of potassium-deficient plants depends on the levels of sodium, calcium and phosphorus, the phosphorus content having little effect on the water content at high potassium levels, whereas reduction of potassium resulted in increased water content much more at high than at low phosphorus levels. The same author (9) reporting on two types of potassium deficiency claims that the first type (high sodium, low calcium) is associated with increased succulence and the second type (high calcium, low phosphorus), with decreased succulence or low water content. In more recent studies, RICHARDS and SHIH (34) state that the water content inereases markedly with potassium deficiency at the high sodium level, less markedly at medium sodium level in presence of medium calcium supply, while at high calcium level there was a minimum of succulence. They (35) state that highly significant positive correlations between phosphorus and water contents were found. JAMES (17) states that the leaf water content of potato plants showed no significant response to potassium, while PENSTON (29) claims that maximum potassium in potato coincided with maximum dry weight, water content, and total residual ash. MASON and PHILLIS (23) studied the effect of potassium on the hydration of cotton plants exposed to short and long daylight length and claim that in the long-day plants increasing potassium supply was accompanied by a reduction in water, while in the short-day plants there was an actual increase in water. They also found (24) that the salt content of disks cut from leaves showed a close rela-tionship with water uptake and suggest that salt increases the hydration capacity of the leaf. The transpiration rate of plants in nutrient solutions lacking potassium decreases after an interval of time, according to SNOW (46) . The greatest was that of potassium-deficient plants and occurred during periods of highest light intensity and temperature.
In A. comnosus the differences in the water content of the tissues between the H-K and L-K cultures, although small, were in favor of the H-K cultures. The composition of the low potassium nutrient solutions, shown in table I, was a mixture of high sodium, medium calcium, and low phosphorus and from this point of view did not conform in every detail to either type of nutrient solution mentioned by GREGORY (9) .
The increased salt and water contents of the leaf tissues of A. comosus in the H-K cultures are in satisfactory agreement with the views of PENSTON, but differ in some respects with those of the other investigators mentioned above. The higher water content of the stem sections in the L-K cultures resulted from the deposition of low amounts of starch rather than from any other cause as will be shown in a future publication.
Most investigators (10, 13, 27, 30, 32, 45) have found the potassium content of plant tissues proportional to the supply to the roots, which is in agreement with the findings in this study. (36) states that potassium-deficient plants contain low amounts of iron but high amounts of manganese. Moreover, he asserts that catalytic enzymes containing iron which influence assimilation either decrease or completely cease their activity in potassium-deficient plants, whereas enzymes containing manganese are able to continue their function in assimilation and, in consequence, promote certain metabolic changes which cease on account of iron deficiency. The greater amounts of iron found in potassiumdeficient as compared with potassium-supplied plants of sugar cane (12) and corn (15) are explained as having resulted from an unspecified root injury.
The data herein reported and those in the literature show a satisfactory agreement between amounts of potassium supplied to the roots and plant weights, hydration, iron, potassium content of tissues, and intensity of antagonism to the absorption of calcium and magnesium. The results on the phosphorus content of tissues were not in agreement with the findings of all other investigators and this disagreement has been attributed primarily to differences in the composition of the nutrient solutions. However, differences ascribable to the distant familial relationships, as between Ananas comosus, Zea mays and Saccharum officinarum, should not be overlooked. GREGORY and CROWTHER (9, 11), having studied five varieties of barley? claim that they may be characterized by their mineral nutrient efficiencies. LYNESS (22) states that three varieties of corn, compared in their capacity for absorbing phosphates from sand cultures of similar concentration, were in the ratio of 3: 5: 7. Many of the disagreements may be justified either by differences in familial plant relationship or by differences in composition of nutrient solutions.
Antagonistic effects by ammonium on calcium were observed by STEWART, THOMAS, and HORNER (48) and SiDERIS, KRAUSS, and YOUNG (44) on A. comosus; BURSTROM (4) on hops; and ASPREY (1) on dices of potato tubers. Summary The effects of high versus low amounts of potassium on the growth and ash constituents of Ananas comosus (L.) MERR., in solution cultures supplied with equal amounts of nitrogen from nitrate or ammonium salts were as follows.
1. The plants of the high-potassium cultures in the nitrate series weighed 40 per cent., and in the ammonium series, 73 per cent. more than those of the low-potassium cultures. The differences in stem weights between the high-and low-potassium cultures were much greater than those of plant weights; being greater for the high-potassium cultures, 94 per cent. in the nitrate and 185 per cent. in the ammonium series.
2. Ash values and succulence, the latter as measured by the water content of tissues, were generally higher in the high-than in the low-potassium cultures.
3. Potassium was from 2 to 7 times higher in the tissues of the high-than of the low-potassium plants. 4 . The calcium and magnesium content of tissues was many times higher in the low-than in the high-potassium plants. The calcium content of the tissues was appreciably lower, however, in the plants supplied with ammonium-than with nitrate-nitrogen. The phenomena of antagonism between potassium on the one hand and calcium and magnesium of the other are discussed. 5 . Phosphorus was more abundant in the high-than in the low-potassium plants. The phosphorus content of the plants in the ammonium series was greater than in the nitrate series. 6 . The plants in the high-potassium cultures contained more iron than in the low-potassium cultures. Also, those of the ammonium series contained more iron than of the nitrate series, indicating that the higher H-ion concentrations in the ammonium series had favored the absorption of iron by increasing its solubility. 7 . The results are compared with those of other workers, the differences are indicated and their significance is discussed.
